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Safe Margin beyond Dens Tips to Ventral Dura in Anterior
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Objective : Anterior odontoid screw fixation is a safe and effective method for the treatment of odontoid fractures. The surgical
technique is recommended for perforation of the apical cortex of the dens by the lag screw. However, overpenetration of the apical
cortex may lead to potentially serious complications such as damages of adjacent vascular and neural structures. The purpose of
this study was to assess the role of three-dimensional computed tomography (CT) scan to evaluate the safe margin beyond dens tip
to ventral dura for anterior odontoid screw fixation.

Methods : We retrospectively analyzed the three-dimensional CT scans of the cervical spines in 55 consecutive patients at our
trauma center. The patients included 38 males and 17 females aged between 22 and 73 years (mean age+standard deviation,
45.8+14.2 years). Using sagittal images of 3-dimensional CT scan, the safe margins beyond dens tip to ventral dura as well as the
appropriate screw length were measured.

Results : The mean width of the apical dens tip was 9.6+1.1 mm. The mean lengths from the screw entry point to the apical dens
tip and posterior end of dens tip were 39.2+2.6 mm and 36.6+2.4 mm. The safe margin beyond apical dens tip to ventral dura was
7.7+£1.7 mm. However, the safe margin beyond the posterior end of dens tip to ventral dura was decreased to 2.1+3.2 mm, which
was statistically significant (p<0.01). There were no significant differences of safe margins beyond dens tip to ventral dura with
patient gender and age.

Conclusion : Extension by several millimeters beyond the dens tip is safe, if the trajectory of anterior odontoid screw is targeted
at the apical dens tip. However, if the trajectory of the screw is targeted to the posterior end of dens tip, extension beyond dens tip
may lead to damage immediately adjacent to the vental dura mater.
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INTRODUCTION to stabilize type II odontoid fractures, because it provides a
high union rate without limiting neck motion"***". We have

Anterior odontoid screw fixation is an ideal surgical option recently reported that a fracture gap of =2 mm resulted in a
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21-fold increase nonunion rates after anterior odontoid screw
fixation”. Therefore, in case of type II odontoid fractures, we
believe that the fracture gap of odontoid fracture is one of the
important risk factors for successful bony union™"*. Although
cannulated lag screws or headless compression screws are fre-
quently used to compress and tighten the fracture gap during
anterior odontoid screw fixation, it may not be easy to achieve
effective reduction””"™"". To enhance the lag effect during in-
ter-fragmentary compression, in general, the recommended
surgical technique is believed to perforate the apical dens tip
by the screw, and for correct sizing of the implant to obtain
bicortical purchase ™.

However, the cortical purchase by the cannulated screw
may be technically challenging and difficult, because the
brain stem is located just beyond the apical cortex of the
odontoid process, and any overpenetration of the apical cortex
by the screw may damage the vertebral artery and neural tis-
sue”™*"”. To our knowledge, there is no previous study analyz-
ing the distance from the apical dens tip to the adjacent neural
structure.

The purpose of this study was to analyze the three-dimen-
sional computed tomography (CT) scans to evaluate the dis-
tance from the apical dens tip to the adjacent neural structure
through the trajectory of the anterior odontoid screw, and
demonstrate the safe margin from the dens tip to the adjacent

neural structures during anterior odontoid screw fixation.

MATERIALS AND METHODS

We retrospectively analyzed the three-dimensional CT
scans of the cervical spine in 55 consecutive patients, who
were scanned at our trauma center after traffic accidents.
None of the patients sustained any fracture of the cervical
spine. After appropriate Institutional Review Board approval
(2016-07-003), we retrospectively reviewed and analyzed the
patient medical charts and their sagittal reconstructions of the
3-dimensional CT scans in order to measure the width of the
apical dens tip, length for anterior odontoid screw, and safe
margin beyond dens tip to ventral dura.

The entry point for the anterior odontoid screw was marked
at the anterior-inferior portion of the body of axis on the sag-
ittal CT images. The apex of dens tip and the posterior end of
the dens tip were marked as well (Fig. 1). The width of apical
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dens tip was measured horizontally in the middle of anterior
arch of Cl (Fig. 2A). The mean lengths from the entry point to
the apex of dens tip, and the mean lengths from the entry
point to the posterior end of dens tip were measured, respec-
tively (Fig. 2B). The safe margin was defined as the distance
from the dens tip to the adjacent dura mater. Safe margin be-
yond the apical dens tip to ventral dura, and safe margin be-
yond the posterior end of dens tip to ventral dura were mea-
sured, respectively (Fig. 3). All the parameters were measured
using the automated measuring tool on the PACS system
(PiViewSTAR 5.0; INFINITT, Seoul, Korea). All values were

measured in triplicate and averaged.

Statistical analysis

All statistical analyses were performed using Statistical
Package for the Social Sciences software version 18 (SPSS Inc.,
Chicago, IL, USA). All data were espressed as meantstandard
deviations. Significant differences in safe margin between the
apex of dens tip and posterior end of dens tip were determined
using the independent t-test. The threshold for statistical sig-

nificance was set at p<0.05.

Anterior margin
of brain stem

Fig. 1. Sagittal reconstructed computed tomography images showing
screw entry point A and the point of dens tip (B is the apical dens tip and
Cis the posterior end of dens tip). Arrows point out dura mater and brain
stem just beyond dens tip.
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Fig. 2. Showing how to measure the width of apical dens tip (A), and screw length to dens tip (B). Solid arrow means the length from the screw entry
point to the apical dens tip, and dotted arrow means the length to the posterior end of dens tip.

Fig. 3. Showing how to measure safe margin from dens to adjacent
dura.

For analysis, patients were dichotomized by gender (male
and female), and age (younger than 60 years and those 60

years or older).

RESULTS

There were 38 male and 17 female patients with ages rang-
ing from 22 to 73 years (mean agetstandard deviation, 45.8+
14.2 years). The mean width of the apical dens tip was 9.6%1.1
mm. The mean lengths from the screw entry point to the api-
cal dens tip and posterior end of dens tip were 39.242.6 mm
and 36.612.4 mm. Safe margin beyond the apex of dens tip to
ventral dura was 7.7£1.7 mm. However, the safe margin be-
yond the posterior end of dens tip to ventral dura was de-
creased to 2.1+3.2 mm, which was statistically different
(p<0.01). There were no statistical differences in safe margins
beyond dens tip to ventral dura between patients’ gender and
age (Table 1).

DISCUSSION

Although the risk factors for nonunion after anterior odon-
toid screw fixation were disputed, the fracture gap was gener-
ally considered as one of the significant risk factors™*'"*"”. In
our previous study, a fracture gap =2 mm was found to be sig-
nificantly associated with fusion failure after anterior odon-

toid screw fixation, therefore we also believe the gap of odon-
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Table 1. Safe margins between gender and age groups

Safe margin from apical dens tip (mm)

Safe margin from post. ends of dens tip (mm)

Gender

Male 7.5%1.5
Female 7542.0
Age

Young (<60 years) 7.8%1.5
Old (>60 years) 76+1.8

19404
2.2+0.6

2.0£0.5
2.2%0.7

Values are presented as meanzstandard deviation

toid fracture is one of the important risk factors for successful
bony union™". Therefore if the surgical technique can reduce
the fracture gap, we can achieve higher rates of bone fusion
after the operation.

From an orthopedic perspective, inter-fragmentary com-
pression and stable fixation are essential for successful bone
fusion, and the pressure at the fractured edges enhances frac-

1,5,7,8,13

ture healing in a predictable manner . Therefore, appro-
priate instrumentation and surgical techniques are needed for
the reduction of fracture gap during anterior odontoid screw
fixation.

In general, cannulated lag screws or headless Herbert screws
are usually used to compress and tighten the fracture gap dur-

P09 Theoretically, after

ing anterior odontoid screw fixation
the lag screw or headless Herbert screw crosses the fracture
line, the threads engage the fragment and the lag effect of the
screw reduces the fracture gap. Further tightening of the screw
increases the strength of the pull force of the fractured piece
in a caudal direction, increasing inter-fragmentary compres-

1,4,7,8,10,11) Pene—

sion, which results in enhanced fracture healing
tration of the apical dens by the screws is recommended for
the sufficient reduction of fracture gap following the lag ef-
fect"”. We totally agreed with the importance of bicortical
purchase by the screw.

In our recent biomechanical study, we reported that inter-
fragmentary compression pressures of the Herbert screw were
significantly increased when the screw tip penetrated the op-
posite dens. Our findings support the generally recommended
surgical technique, and penetration of the apical dens tip with
the screw is essential to facilitate the maximal reduction of the
fracture gap during anterior odontoid screw fixation'.

Accurate screw length is essential for anterior odontoid
screw fixation. Short screws prevent penetration into the

odontoid tip, and cannot pull the fractured odotoid fragment
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for inter-fragmentary compression. In our study, the mean
screw lengths from the screw entry point to the apical dens tip
and the posterior end of dens tip were 39.242.6 mm and 36.6+
2.4 mm, respectively, which were consistent with previous

17)

study ”. These values represent the real screw lengths for ante-
rior odontoid screw fixation, measured as the line through the
real screw entry point (anterior-inferior point of the body of
axis) to the odontoid tip. Therefore, screws measuring several
millimeters longer than the real screw length must be used for
the penetration of the odontoid tip by the screw.

However, the cortical purchase by the screw may be techni-
cally challenging and stressful to the surgeon, because the
brain stem is located slightly beyond the apical cortex of dens,
and therefore, over-penetration of the apical cortex by the
screw, as well as K-wire or tapping of pilot hole, may damage
to the adjacent neurovascular structure. In our previous study,
despite all our efforts for penetration of apical dens tip by the
Herbert screw, we achieved cortical purchase by the screw in
only 16 out of 37 patients (unpublished data). The result was
attributed to the fear of damaging the dura immediately be-
yond the apical dens tip during the anterior odontoid screw
fixation. Therefore, preoperatively, it is important to deter-
mine the proximity of the apical dens tip to adjacent dura.

The distance from the apical dens tip to the adjacent neural
structure has not been reported previously. In the present
study, the width of the apical dens tip was sufficiently wide
(mean length 9.6%1.1 mm), and the screw was targeted at two
different target points of dens tip by the screw trajectory : api-
cal dens tip and posterior end of dens tip. The distance from
the apical dens tip to the ventral dura was 7.7+1.7 mm, suggest-
ing that the safe margin was relatively wide, if the screw trajec-
tory was aimed at the apical dens tip. However, if the screw tra-
jectory is aimed at the posterior end of the dens tip, the safe

margin beyond the posterior end of the dens tip to ventral dura
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was decreased to 2.1+3.2 mm, which suggested that the screw
trajectory had a relatively higher risk of dural injury.

The study limitations are as follows. First, we analyzed the
safe margin only in patients without odontoid fracture. In the
case of odontoid fracture, the real safe margin from apical
dens tip to ventral dura can be altered by the fracture displace-
ment and fracture gap. But in the case of odontoid fracture
with severe displacement or wide fractured gap, preoperative
reduction by proper surgical position is essential for anterior
odontoid screw fixation. So we thought that measurement of
safe margin in the patient with no fracture is meaningful.
However, fracture displacement and fracture gap of odontoid
fractures as well as, surgical position of the patient during op-
eration can influence the measurement of the real screw
length and safe margin. As mentioned before, the correct size
of screw length is also important for the penetration of dens
tip by the screw. Second, because the dura is filled with cere-
brospinal fluid, brain and vessels do not contact each other
directly. Thus the distance from dens tip to the ventral dura
cannot determine the real risk of adjacent neurovascular
structures. However, our findings highlight the proximity of
apical dens tip to the adjacent dura, and safe margin may be

tailored according to morphology of fracture.

CONCLUSION

If the trajectory of anterior odontoid screw is targeted at the
apical dens tip, it is safe to extend beyond dens tip by several
millimeters. However, if the trajectory of the screw is targeted
to the posterior end of the dens tip, extension beyond dens tip
may damage the area immediately adjacent to the ventral dura
mater.
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